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1 31.07^002 
Receiver ^th demodulator^ decoder md non-linear comp^sator 



The Invention relates to a teceiver for receiving modulated coded signals and 
comprising a phase-shift-keymg demodulator fi>r demodulating said signals and compndng a 
differ^tial deCeotor for decoding said signals. 

The invention also relates to a nonrlinear compensator for use in a receiver fbr 

5 rec^ving modulated coded signals and comprising a phase-shifk*4ceytng denxodnlator for 
demodulating said signals and comprising a differential detector Ibr d^^ding said signals^ 
and to atranscdhrer comprising atcansmitta with a diffeteotial coder and apihas&*ahi{b- 
keying modulator Ibr transmitting modulated coded signals and coxqprising a receiver for 
recdmng said modulated coded signals v^n&x a pha$e-'Sihiit--1fieying demodulator for 

10 demodulaling said signals and adifferratial detector fbr decoding said signals, and to a 

method for receiving modulated coded signals and comprising Hie steps of demodulating said 
signals via phase-shifi-keying demodulation and of decoding said signals* and to a proc^sor 
program product &r recdving modulated coded signals and comprising the fbnclions of 
demodulating said signals via pliase^sfaiftJceiying demodulation and of decoding said signals. ' 

1 s Such a receiver ibtecfi fbr ^cample part of a transceiver used in consumer 

products fbr wireless communicadon at short distance, like for example one or ten meters. 
Said phaae-sfaifl;4»ying demodulator for escamplo corresponds wilh a diffes'ential-quadrature^ 
phase-shift-ke^mig demodolator comprising a 7c/4-difif6reEitial-quadraCure^hase-d)^ 
demodulator (n/4-DQPSK demodulator). 



A prior art receiver is known from US 6,1279854, wfaicli discloses in its figure 
I a transceiver with a receiver part for receiving miodulated coded signals conq;iri8ing a 
differenrial-quadrature^phase-shift-lc^ying demodulator consisting of two mix^ and a phase 
25 shiftier for demodulating said signals and oompxising a differendal detector fbr decoding said 
signals. Said trauiiceiver farther coms^rises a transmitter part comprising an encoder and a 
modulator for transmitting said modulated coded signals. 
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2 31.07^02 
The loMwn receiver is disadvantageous, inter alia, in that said decoding 
process may conqjiise incoiieot decisions as a result of a decoder output signal comprising 
intecferenceteDns. 



It is an object of the invention, inter alia, of providing a receiver as dsEned in 

■Jha-proamblg in which receiver aoid decodii^ffl?Qcess4s-Mpgigved; 

Tb& receiver according to fho invention is characterized in tbst said differential 
detector comprises a non-linear conapensator coiq^led to a decoder fiw compensating a 
decoder output signal. 

Said non-Un^ compensator fixt coflt^aisafingthe decoder output signal will - 
fig eacamplB at least partly compenaate for (parts of> interfer^ce terms ptweant lygja 
decoder output signal. As aresuli^ said decoding ^oess wiU conqoise less iac<»Tect 
decisions. 

Ills invmlion is based upon an insii^ inha- alia, di^ said de 
signal may comprise intenference terms resulting in inconect decisions, and is based i^on a 
basic idea, inter alia, that (parte oQ tliese intetferense tocms can at 
oosipensated. 

Hie invention solves die i^blon, inter alia, of pioviding a receivear with an 
inqtioved decoding process, and is advantageous, into: alia, in dial said decoding process will 
conqnise less incorrect decisicms. 

A first ea)ibodzm<ait of tiie receiver according to the invention as defined in 
claim 2 is advan^geous in that said non-lineBr coni|)ensatpr comprises a dhani»&l estimator 
for estimating at least one coeflSdieijt of at least one torn of said decoder oulput signal and a 
remover for removing at least one tectn of said decoder output gignfl l. 

Said channel ostimator esthnates ooeffioients of one or more interference temis 
and possibly of one or more non-inletferaice terms of said decoder output signal and the 
remover remove at least one intacfecaice tenn of said decoder output signal. 

A second embodiment of the receiver according to the invention as defined in 
claim 3 is advantageous in that said receiver is designed for a Bluetooth environment. 

Said receiver comprising said ri/4-DQPSK demodulator and said decoder and 
said non-linear compensator -will, compared to the known Gaussian Frequency Shift Keying 
(G-FSK) technology in the 2.45 <3£Sz band at 1 Mbil/s, allow transmission at least at twice 
this bit ra^ Qifsj^ for example 2 Mbit/s). 
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3 31.07,2002 
A third ^nbodiment of the receiver according to the invention as defined in 
claim 4 is advantageous in that said decoder output signal is defined as iik = Abk + Bbt-i + 
CbfeU i- Dbk* + Bbk-ibk Fbicbfcf i + Gbk^ibRbkti + H, with said remover removing the H-term. 

Said removal of said H-term will reduce the complexity of extracting from 
5 Ufe. The H-temi as one and only tenn not being combined with bk.^ and/or bk and/or bkn can be 
removed advantageously. More g«erally(, Uk « fl3>k-i>l5tobk*i) + H, with H being 
i^moved/comE^ensated. 

A finirth embodiment of the receiver according to tho invention as defined in 
claun 5 is advantageous £a that said remover compiises a combmer for receiving an H- 
10 eoefflcient fiom said chamiel estimator for combining said decoder output sij^ial with said H- 

tennsudi that said H'-term is removed. - 

Said combiner either rec^ves a positive (read: original) H-cocdSQcient and 
subtract this positive H-ooefG.cimt firom said decoder output sigpal^ or receives a negative 
(readi inverted) H-ooef&cient and adds fbls ne^thre H-coefficient to said decode output 
IS signals 

A fifth embo diment of the receiver according to ibs inventioii as defined in 
claim 6 is advantageous in ihat said decoder output signal is defined bsv^^ Abk + Bbfc-i + 
Cbm + Dbk* + Hbkpibfc + Fbicb^t + Gbk.ibkbfcn + H. with said remover removing the Bbk-i - 
tmoi. 

20 Said removal of said Bbk-i-tmn will reduce the cots^lexi^ of extracting bk 

£tom Uk. More generally^ Ufc « fCbto.hbk,bfefi) + H, with said Bbk-i-tenn being 

removed/compensated. 

A sixth embodiment of the receiver according to the invention as defined in 

claim 7 ia advantageous in tiiat said remover comprises a combiner for receiving a product of 
25 a B^effioient originating firom said cbaxmel estimator and a bh>.i-sigQal originatins from an 

output of said nonrlinear compensator and delayed by Tg for combining said decoder output 

signal with said Bbk^i-term such that said Bbk-i-tetm is removed. 

Said combiner either receives a positive (read; original) product and subtracts 

this positive product fiom said decoder output signal or receives a negative (read: inverted) 
30 product and adds this negative product to said decoder output signal* 

A seventh embodiment of the receiver according to liie invention as defined in 

claim 8 is advantageous in that said remover comprises a sheer located between said 

combiner and said output of said non-linear compensator for slicing tiae coi3a$>ensated decoder 

output signal. 
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4 31.07^002 
Said slicer win fUrtfaer compensate said decoder output signal such that the 
possible values of the decoder output signal can be better distrngnished fiom each other. ]&i 
case of differential-quadratijre-phase-shiit-.keying demodijlaaon, fhs Humber of possible 
values is equal to four. In case of di£ferential-phas&-ahi^4ceying demodulation, the number of 
possible values is equal to two. lii case of eighlnaifi^ential-phase-shift-kBying Ae^e^isMr^ 
the number of possible values is equal to ei££ht etc 



muMpHers fiar multiplying and generating said products all operating in fte coix^>leK domain, 
each comptet combining (sobtraistlon/addition) ivill comprise two real combinings and eaoh 
10 canq>lexmultipKcatianwiU comprise fbw real mnlttpUcations and three real comW^ 

Bmbodimeats of the non-lineacr cMnp^jsator according to fte invention; of fiie 
transceiver according to flio inveaitian, of ifae method according to the inventloa and erf flie 
processor program product acoording to tiie invention coinespond with fhs embodiments of 
the receivcar accoi<3ing to &e invontion. 

IS These and ote aspects offheinveotton-wm be ^arraitfiom and eh^^ 

witb refiaence to the embodiments(s) desmbed hereinafter. 



Eignre 1 inustrat^ in block diagram form a reodLver accordisg to the invenfion 
20 comprising a non-linear con^^isator according to the invention. 

Figure 1 discloses a teansoeEiyef 1 eonipiising an antenna intor&ce 2 coupled to 
an antenna and having an output coupled to an it^ut of a receiving interfece 3 (Ti^ 

25 example a fSJtOT, a pre-ampHfier ete.). of 'whidi an output is coupled to an input of a (7r/4- 
)differ»niial-quadrature-pli3se-sbifl-keying demodulator 4 or (tI/4-)DQPSK demodulator 4, 
of which an output is coupled to an input of a further receiving interfkce 5 (Tike fbr exan^jle a 
fUrthear filter, a further ampUfier. a converter etc), of which an output is coupled to an iiiput - 
of a dififerential detector 10. Receiving interface 3, (n/4-)DQPSK demodulator 4, fiurther 

30 receiving interfece 5, and differential detector 10 together form (a part of) a recdver. 

Antenna interface 2 has an input coupled to an output of a transmitting 
interfaxie 6 Qike for example a fUlter, an auqjlifier eto.), of which an ii^ut is coupled to an 
output of a (ic/4-)difi"erential-quadrature-phase-shift-keying modulator 7 or <p/4^)DQBSSi 
modulator 7, of which an input is coupled to an output of a fijrflier transmitting intetrfece 8 
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5 31.07,2002 
(like for example a fiirdier filter, a furfher amplifier, a converter etc.), of which an input is 
coupled to an output of a differential coder 30, Transmitting interfece 6, (n/4-)DQPSK 
modulator 7, iUriher transmitting interface 8, and difie^re^tial coder 30 together fonn (a part 
a transmitter. 

5 Di£&rential detector 10 comprises an input interface 1 1 QSkB fixr example a 

filter etc.) of which an input is coupled to the input of difii^ential detector 10 and of which an 
output is coupled to a first idput of a first mulCipUer 12 and to an is^ut of a first delaying 
blodk 13. An output of first delaying block 13 is cotq)l6d to an ixspnt of a coxqugating blocfc 
14» of wMch an ou^ut is coiqiled to a second input of first mnltlpUer 12» of wMdi an outpiit 

10 is coicpled to an input of a sample 15. An output of sampler IS is coupled to an input of a 
non^linear cosx^ensator 20. Loput inter&ce first multiplier 12^ first delaying blodc 13, 
conjugafing blodi: 14, and saiiq>ler IS toge&ar foxm (a part of) a decode 19.' 

Non-Hnear compensator 20 compxises a first combiner 21 of whioh a first 
input is coupled to said input of said non-linear compensator 20> and comprises a channel 

15 estimator 22 of which an input is cotqpled to said input of said non-Unear oompei^ator 20. A 
first output of channel esthnator 22 is conpled to a second iiq^ut of first combiner 21» and a 
second output of channel ratimatot 22 is coupled to a first input of a second multiplier 24. An 
oulput of first combiner 21 is coupled to a first iqput of a second combine 23» of whicih a 
second ix^ut is coi^led to an output of second multiplier 24. An output of second comibiner 

20 25 is coupled to an input of a slicer 25, of which an oulput is coupled to an input of a second 
delaying block 26s of which an oulput is coupled to a second ii^ut of second multiplier 24. 
First combiner 21 and second combiner 22 together fomi (apart of) aremover. 

The oulput of sUow 25 forms the output of non-linear compensator 20 and of 
differential detector 10 and is coupled to an input of a data processor 40, of which an oulput 

25 is coupled to an input of di£Ei9rential coder 30, which conqxrisea an encode 32 of whidi an 
input forms said input of said dijfferential coder 30 and of which an oulput is coiqiled to an 
input of an output inteifece 31 (like fbr exanqjle a filter etc.), of which an output ftnms the 
output of differential coder 30. 

Transceiver 1 compiising tixe receiver 3 A5,10 according to the invention and 

30 the non-linear compensator 20 according to the invention functions as follows. Signals 

originating from another transmitter of another transceiver and coded by another differential 
coder and modulated by another differential-quadcature-phase-shift-keying modulator all not 
shown arrive via the antenna at Ihe antenna int^r&ce 2 and flow via receiving interface 3 to 
demodulator 4 for being demodulated. After demodulation, the demodulated but stUl coded 
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^ 31.07.2002 
signals flow via further receiving interfec© 5 to difiteiential detector 10. in which Ujese ooijed 
sigaals are decoded via decoder 19 and thea con^eosated via noj^linear ooxapeaafAm 20. 

Decoder 19 decodes the coded signals by intrafkdne said coded signals via 
ispoX interface II and tbenmnltiplyijig ffa© intier&ced coded sigaals via fiat mnltipKor 12 
5 with the con5>leKcoigugated interfaced cod^ 

by a time-iatexval Ts (fcr exainple oonesponding with a symb ol period) via first delaying 

Wocfel-3,r?ffldl5V*e«ijl^pBfiagea^aft^gnaKs^an^^^ 

oB^nit signal. 

This decoder output signal is fiir example defined as Uk ■= Abfc +Bbfc.i + CbicM 

10 +Dbk* + Ebte.lbk+PbI^bfc^t+Qbte.lbl*te^l +H, wi13ibfc.il)e^ delayedby on© 

time-taterval Tg and witih bk bang the comptot conjugated of the birsignal, and \vi& Abk 
being a non-interference tenn ivith A bring a non-inteacffecenc© coefficient, and -wiUi all other 
teams bring intecferEaice teana with B-H being intofisrence coefificienis eto. Said decoder 
ootpot signal is si^plied to fixst oombinCT 21 and to channel estimator 22, whidh estimates 

15 iSie H-coe£5^nt and sopplies it to £ast combhier 21 which adds it (in case of the H- 

co^cient being supplied invotedly) to or subtracts it (jn case of the H-coefSeieiit bring 
supplied nonj-invcrtedly) fixan said decoder output signaL As a result; Hut H-teon is removed. 

Said removal of said H-tetm mil reduce fiie conqilexily of eartiacting b^ ficwn 
tfc Tbo H-temi as one and imly term vat being combined wife bb-i and/or bk and/or bfen can be 

20 removed advantageously. More genejs^y, Uje = f(bfc.i,btobten) + H, wifli H being 
removed/conqNaisated. 

Channel estimator 22 fhriher estimates the B<ooefScient and stqiplies it to 
second mnltiplier 24 ^oh multqjjies it with flie bk-i -signal originating ftom second delaying 
block 26 (with bk-i bring Ifae birsignal delayed by one time-interval by second delaying 

25 blodc 26) and adds it 0xl case of the B-coeffioient bring siqiplied invertedly) to or subtracts it 
(in (»so of the B-coeffirient bring si^Ued non-invertedly) ftam said decoder ouipnt signal 
fiom which the H-tenn has already been removed. As arssul^ the entire Bbsyi-term is 
xeouyvedalso. 

Said removal of said Bbk.i-tenn will reduce the con^lexity of extracting bk 
30 ftom Uk. Mat© geoerally, Ufc » fl3'k-i>bk,bta.O + H. with the Bbh-i-tetm being 
xemoved/compcniSBted. 

SUcer 25 will slioe the compensated decoder output signal, which may be 
considered to be a fhrflier compensation of said decoder output signal such that the possible 
values of the decoder output signal can be better distinguished from each other. 
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The compensated decoder output signals at the output of nodn-Unear 
coiwpensator 20 are sig)plie<i to data processor 40 (thereto for example compiisiiig a symbol- 
tO"bit-converter) for example for malcing decisious with respect to the received symbols far 
example via a threshold detector or an equivalent unit and for example 'B>r &rther data 
processing purposes. 

Sigpals fbr example defined as b^-dgnals originating ftom data processor 40 
(thereto fbr raiample comprising a bit-to-symbol-converter) and to be transmitted to another 
receiver of another transceiver both not shown are coded by encoder 32 of differential coder 
30 and for example defined as Ca = Ca-ibn and flow via output interface 31 and fbrflier 
transmitting interf^ 8 to modulator 7 for being modulated. After modulation^ the modulated 
coded signals flow via transmitting interf^e 6 and the antenna inter&ce 2 to said antenna for 
bdng transmitted eto. 

The invention is based upon an insigihtp inter alia, that said decoder output 
signal may comprise interference terms resulting in inccnxect decisions^ and is based upon a 
basic idea, inter alia, that (parts of) these interf^ience temis can at least partly be 
compmsated. 

The invention $oIve^ the problem^ inter alia, of providing a receiver with an 
improved decoding ptoceiss, and is advantageous, inter alia, in that said decodinig process will 
comprise less incorrect decisions. 

Said receiver compiii^g said II/4-DQPSS!! demodulator and said decoder and 
said non-linear compematOT will, compared to tbe Imown Gaussian Frequency Shift Keying 
(G-I^K) technology in. the 2,45 GHz band at 1 Mbit/s, allow transmission at least at twice 
this bit rate (like for example 2 Mbit/s). 

It should be noted that doe to said combiners for suibtiacting/addmg and due to 
multipliers for multiplying and generating said products all operating in the oonaplex domain, 
each complex combining (subtraction/addition) will comprise two real combinings and each 
complex multiplication will comprise four real multiplications and three real combinings* 

Said channel estimator is of common general knowledge aadi$ for example 
based upon the usage of a proprietary training sequence periodically sent from transmitter to 
receiver and loiown beforehand at said receiver. Said demodulator, modulator, Interfaces, 
multipliers, combiners^ delaying blocks, conjugating block, sampler, slicer and encoder are 
themselves of common general knowledge. Said transceiver for example &rms part of radios 
for laptop cards, mobile phones^ printers, handheld devices^ dig;ital cameras, headsets, ISDN 
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access points, in-oar subsysteme. induattial applications and/or audioAddeo related 
equipment 

Bspeciafly (parts of) decoder 19 and/ornonrlinear compensator 20 could be 
integrated weU with data processor 40. Bspeciafly in decoder 19 and/or non-linear 
compensator 20, each block could be 100% hardware, 100% software or a mixture of both. 

The benefits of using flie nonrlinear coinpensator shall be xwse evident ^en 

h ffihftr hit rates like 4 MMt s o r 10 M tetfe-ate^igsuedr^derAesracHmstance^-ttie 

estnnateof said A^H can be used to provide more complex compensations and in^jrove fixe 
transceiver operation far&er. 

general, apacScet preamiUe is used to ssapport channel estimation at Ihe 
receiver. The prsaaible comprises a certain number of bits, converted into modulated 
symbols, known befixreband at &e receiver. 

X«t <W = 1/N • SXJM (fixim i = 0 to i » N-1) of xjm be the average fiinction 
over the first N samples at given generic delay M. 

Seven avoiage terms are introduced (these seven average terms ate to be 
calculated in ^d chamiel estimator); 

f«9*<b|cUfc> 
itte=<bkbk.iU!:> 

M6 = <bfcbfc».iuj> 

Then taking into account the known preamble sequence and flie structure of Uk, 
the coe£Scient8 A-H can be espressed as follows: 
A=fi(t!) 

C-faCu) 
E»f»(it) 

Ges^sCli) 

H=f7ai) 
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vdth fi to f? being derived fUnotions &om the known lareamble sequence properties and the 
gtractoi© of inc and fti, th, m, m, 1*3,116.1^7}' 
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CLAIMS: 



1« Receiver fbr tdodving modulated coded signals md coxUEpiidng aphase-shift:- 

ksying demodulator for demodulating said signals and compxising a di£6^eatial detector fbt 
■^decodiiig-said-signaisrchax«55to^ 

compensator coupled to a decode for compensatiog a decoder ouQ)iit signaL 



10 



2. Receive accoidins to claim 1» charact^zed in that said non-linear 
cosxq[>en$ator comprises a channel estimator for estimating at least one coefiScient of at least 
one teim of said decoder output signal and a rOTiover fi>r removing at least one tezm of said 
decoder output signal. 

3, Receiver according to claim 2, characterized in that said receiver is designed 
for a Bluetooth eovironment. 



4- Receiver according to claim 3, chamctejrized in that said decoder output signal 

15 is defined as % « Abk + Bb^ + Cbk*.i + Dbic* + Ebk-ibk + Phkbi^-i + Qbfc.ibjcbk+t + H, with said 
remover removing the H-tenn, 

5. Receiver according to claim 4, characterized in that said remover comprises a 

combiner for receiving an H-coe£ficient from said channel estimator for combining said 
20 decoder ou^ut signal with said H-term such that said H-term is removed. 



6, Receiver according to claim 3, characterized in that said decoder output signal 

is defined as u^ « Abk + Bb^ + Cbi^i + Dhk* + Ebj^ibk + FbkbkH + Gbk-ibkbtM + H, with said 
remover removing the Bbk-rtenn. 



7> Receiver according to claim 6» characterized in that said remover comprises a 

combiner for receiving aproduct of a B-coef&cient orighiating fiom said channel estimator 
and a bk.i-signal originating &om an output of said non-linear compensator atkI delayed by Ts 
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for coxnbiimg said decoder output signal with said Bb^.i-tenn such that said Bbk-i-tenn h 
lemoved. 

S. Receiver according to claim 7, characteilzied in that said remover comprises a 

5 slicer located hetv/een said coixxbiner and said output of said non-lmeac compensator fbr 
slioing the compensated decoder output signaL 

9« Non-linear compensator for use in a receiver fi>r receiving modulated coded 

signals and comprising a pbase-shift-I^ying demodulator fi>r demodulating said signals and 
10 cotpprising a differential detector for decoding said signals^ characterized in that said 
difGarential detector comprises said noa-Unear compensator coiqpled to a decoder fisr 
compensating a decoder output signal. 

10. Transceiver comprising a transmitter wi& a differential wder and a phase- 
15 shift-keying modnlatar £br transmittmg Tn o duTa ted coded signals and comprising a receiver 

for recdving said modulated coded signals wi& a phase-shift-keying demodulator &r 
demodiUathig said signals and a difier^tial detector for decoding said signals, characterized 
in that said d££&rential detector comprises a nonlinear compensatcxr coupled to a decoder fbr 
compensating a decoder output sigi:uil. 

20 

11. Mettkod fox receiving modulated coded signals and comprising the ste^ of 
demodulatixig said signals via p]ias&-sbid*k&sdng demodulation and of decoding said signals, 
characterized in that said step of decoding comprises the substep of non-linearly 
ccmpensating decoded signals. 

25 

12. Processor program product £)r receiving modulated coded signals and 
comprising the fcmctions of demodulating said signals viaphasei-shift-keying demodulation 
and of decoding sadd signal, characterized in that said fimction of decoding comprises the 
sobfimction of non-linearly compensating decoded signals. 
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ABSTRACT: 



Receivers coix^siiig (difj^renlial-quadratm 
demoduiatois (4) and di£Eeretitial detectors (10) consisting of decoders (19) are provided with 

Mon^Mfigar cg p ipeasatO iS (20) f oir^wp^msiSns^eGoA^ 

interfereooe tetms^ to iinprovo the decoding process and to reduce the nuniber of inooireot 
5 decisions. The non-linear coropenpators (20) comprise channel estimators (22) for estunating 
co^cients of team of decoder output signals and removers (21^23) for removing terms of 
said decoder oulput signals. The receiver is designed for a Bluetooth environment la the 
deco der output si gnal Uk = Abk + Bbk.i + Cbk+i + Dbfe* + Eb + FbfcbiH-i + Gbk-ibkbid-i + H, 
removers remove the H-tefrm and the B-temi^ to reduce the complexity of extracting bk &om 

1 0 Uk. SlicCT slice the conxprnsated decoder output signals to fiiriher compensate said decoder 
output signals such that the possible values of decoder oulput signals can be better 
distinguished from each other. 
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Fig, 1 
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